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RELATIONS BETWEEN STRUCTURAL FEATURES AND ERUPTIVE ACTIVITY 3

studies show that the entire subaerial part of Kilauea
was deformed, with maximum downward and seaward
displacements of about 3.5 and 8 m, respectively. The
general form of the surface deformation was large-scale
block slumping involving much of the southeast side of
the island of Hawaii. The 1975 deformation was accom-
modated largely by movement along preexisting struc-
tures that show evidence of repeated seaward-directed
block slumping in the past.

In addition, ground deformation studies of Kilauea’s
summit area have indicated a changed pattern of mag-
matic behavior for several years after the 1975 earth-
quake (Lipman and others, 1978). Before the earth-
quake, summit inflation-deflation cycles yielded radial
patterns of tilt and horizontal displacement confocal
with concentric patterns of vertical displacement. Since
the earthquake, vertical changes have been sporadic
and relatively subdued, which indicates that the sum-
mit region has ceased to undergo sustained inflation;
however, horizontal displacements have continued in a
uniform seaward direction, similar to the pattern de-
veloped in response to the earthquake. At the time of
writing this report (fall 1979), it was unclear when the
summit area would stabilize from the disruptive effects
of the 1975 earthquake, but it has become clear that
such earthquakes have after-effects lasting many years.
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RELATIONS BETWEEN STRUCTURAL
FEATURES AND ERUPTIVE ACTIVITY

Interpretation of the geodetic changes associated
with the 1975 earthquake must be made in the context
of the major structural features and patterns of defor-
mation and seismicity associated with voleanic activity
on Kilauea. Much has been learned in recent years
about these interactions by combined geologic, seismic,
geodetic, and other geophysical studies at the Hawaiian
Volcano Observatory.

The major eruption-related structures on Kilauea are

a collapse caldera in the summit area and the roughly
opposed southwest and east rift zones (fig. 1). Between
eruptions, magma has recently been generated in the
mantle beneath Kilauea at a nearly steady rate of about
0.1 km®yr (Swanson, 1972). The magma gradually ac-
cumulates in a shallow reservoir 2-5 km below and
slightly south of the summit caldera, causing uplift and
inflation, as indicated by both seismic and deformation
studies (Eaton, 1962: Fiske and Kinoshita, 1969). The
rift zones are also typically uplifted between and during
eruptive and intrusive events, commonly with the de-
velopment of a keystone graben along the linear crest
of the uplift (Macdonald and Eaton, 1964; Fiske and
Koyanagi, 1968; Jackson and others, 1975).

Summit eruptions commonly are accompanied by lit-
tle or no deflation over the magma reservoir, appar-
ently as overflow of an essentially open magma column.
During rift eruptions, in contrast, magma drainage
from the summit reservoir causes measureable summit
subsidence, at times more than a meter (Kinoshita and
others, 1974; Jackson and others, 1975). The rift zones
are interpreted as marking the loci of underlying
magma conduits, in the shape of shallow blade-like
dikes largely confined within the volcanic edifice and
fed from the summit region (Fiske and Jackson, 1972).
At the surface, each rift zone is marked by a broad
topographic crest, along which are alined many open
cracks, pit craters, and small cones and shields.

In addition to the rift zones, major structural divi-
sions of Kilauea Voleano include the Koae fault sytem,
the south flank, and the north flank. Eruptions seldom,
if ever, occur within these areas. The Koae fault sys-
tem (Duffield, 1975) is an east-northeast-trending zone
of open cracks and dominantly north-facing normal
faults that connect the east and southwest rift zones
and mark the southern margin of summit-related subsi-
dence structures. The south flank is the region south
of the rift zones and the Koae fault system. It includes
two distinctive subdivisions: (1) a northern part be-
tween the Koae and Hilina fault systems that consists
of little-faulted lava flows dipping gently seaward, and
(2) a southern part that is disrupted by the predomi-
nantly south-facing normal faults of the Hilina system.
Off-rift seismicity is concentrated largely in the north-
ern part of the south flank, which appears to represent
a structurally rigid region capable of accumulating
stress. In contrast, seismic activity is more diffuse and
lower in intensity along the southern part (Koyanagi
and others, 1972). The submarine south flank of Kilauea
consists mainly of a block-faulted terrane, similar to the
adjacent subaerial part, as indicated by bathymetric
data (Moore and Peck, 1964) and by U.S. Geological
Survey marine seismic profiles (W. R. Normark and
J. G. Moore, unpub. data, 1976). The rorth flank of
Kilauea, bounded by the summit area and the east rift
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zone, is relatively stable and low in seismicity; it is
characterized by northeasterly dipping lava flows that
abut and interfinger with flows from Mauna Loa.

Geodetic evidence presented by Swanson, Duffield,
and Fiske (1976a) suggests that forceful injection of
magma along Kilauea’s rift zones has uplifted the south
flank and displaced it several meters seaward during
the 20th century. In contrast, the north flank has re-
mained relatively stable, presumably because of but-
tressing effects of the neighboring volcanic edifices,
principally Mauna Loa (Fiske and Jackson, 1972). By
these interpretations, the Hilina fault system is consid-
ered to be a gravity-controlled zone of block slumping,
not directly related to the rift zones. Strain that has
accumulated from uplift and seaward displacement of
the south flank is intermittently relieved by normal
faulting along the Hilina system and related submarine
faults along the south flank of Kilauea. Swanson, Duf-
field, and Fiske (1976a) documented a buildup of strain
within the Hilina system throughout the 20th century,
and anticipated “a subsidence event in the not too dis-
tant future.” While their report was in press, the
November 1975 earthquake and associated ground de-
formation confirmed their anticipation.

THE 1975 EARTHQUAKE

Data from HVO seismometers placed the magnitude-
7.2 earthquake of November 29, 1975, about 6 km west-
southwest of Kalapana on Hawaii’s southeastern coast
(lat 19°20.1’ N., long 155°01.4’ W.), at a depth of about
56 km (fig. 2). The earthquake was felt on the island
of Oahu, more than 400 km from the epicenter. Damage
estimates and an isoseismal earthquake intensity map
for the island of Hawaii (Tilling and others, 1976, fig.
4) clearly show that the maximum intensity of the
earthquake did not coincide with its epicenter, but lay
further to the east, close to the zone of maximum
ground deformation documented in this report.

Thousands of aftershocks, which continued in di-
minishing numbers for several years after the 1975
earthquake, were distributed over a broad zone mainly
west of the epicentral region (fig. 2). The main concen-
tration of aftershocks was beneath the unfaulted north-
ern part of the south flank of Kilauea—the region be-
tween the two rift zones and the Hilina fault system
(fig. 2). Most of these earthquakes occurred at depths
of 5-7 km (Ando, 1979, fig. 1; Crosson and Endo, 1981,
fig. 8). Many aftershocks also took place beneath the
southwest rift zone, but few were recorded along the
east rift zone. The virtual lack of aftershocks within
the faulted part of the south flank south of Hilina Pali
is striking; seismicity was also limited in this part of
Kilauea prior to the earthquake (Tilling and others,
1976, p. 9).

GROUND BREAKAGE

Extensive ground rupture in the summit and south
flank areas of Kilauea, along with easily recognized sub-
sidence along the south coast, gave the first indications
that substantial deformation accompanied the earth-
quake.

FAULTING IN THE HILINA SYSTEM

Ground breakage was nearly continuous along the
Hilina, fault system (fig. 3). The Hilina system is char-
acterized by south-facing normal fault scarps as high
as 500 m (fig. 4). The new breakage consists of a series
of steep normal faults, mostly along preexisting fault
traces, with displacements systematically down to the
south. In places, the new fault displacements are
obscured by extensive slumps and landslides that oc-
curred during the earthquake along all of the steep
scarps; in many other places, the amount of new offset
is difficult to distinguish from older displacements along
the same fault scarp.

The new faulting extends about 25 km along the
trend of the Hilina fault system, and individual faults
have vertical displacements of as much as 1.5 m. In
detail, the new faults are discontinuous and are en
echelon in pattern; individual breaks extend a few tens
to several hundreds of meters. Overall, they define a
nearly continuous zone of normal faulting bounding
more coherent structural blocks; elsewhere on Kilauea,
the most conspicuous ground breakage involves wide-
spread chaotic landsliding and slumping of relatively in-
coherent material from steep slopes.

In the past, lava flows have cascaded over most of
the “palis” (Hawaiian for cliffs or scarps) of the Hilina
fault system (fig. 4A), gradually building them south-
ward toward the sea. The new ground rupture com-
monly took place near the top of the palis, presumably
along the buried faults that originally created the cliffs.
Some palis, such as the seaward flank of Puu Kaone
(fig. 4B), have not been built seaward by draping of
younger flows, but rather they have retreated north-
ward through erosion; hence, ground rupture took place
near the base of these scarps (fig. 4C).

Much of the new faulting was along the northern part
of the Hilina system; several old faults near the coast
showed no new ruptures. The most continuous zone of
breakage and the largest vertical offsets are along the
northeast edge of the system, where vertical displace-
ments were 0.5-1.5 m for a distance of more than 15
km. South and southwest of this zone of maximum
faulting, vertical displacements of as much as 0.5-1.0
m are common along other faults. Accordingly, the
cumulative observed fault displacement is at least as
much as 2.5 m and accounts for about two-thirds of
the maximum measured coastal subsidence along
Kilauea’s south coast.
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area of the south flank as the maximum subsidence,
far west of the earthquake epicentral area. Vectors at
both margins of the region of maximum ground defor-
mation tend to converge toward the central area, more
notably on the southwest side, where the gradient in
subsidence is also steep. Unlike the leveling data (fig.
9C), however, the pattern of horizontal deformation is
not conspicuously influenced by the rift zones, the cal-
dera, or the unfaulted upper northern part of the south
flank. Amounts of displacement increase seaward rela-
tively uniformly across every sector of Kilauea, without
obvious discontinuities across any of these structural
zones.

SUMMIT DEFORMATION 1974-77

The summit deformation of Kilauea, which has been
determined by trilateration and releveling several
times a year before and after the earthquake, is of in-
terest for several reasons. First, the style of deforma-
tion related to the earthquake may have been influ-
enced by previous deformation, such as that associated
with the December 1974 eruption. Also, to the extent
that the 1975 earthquake is related to stressing of the
south flank of the volcano by inflation of the summit
area and dike injection along the rift zones (Swanson
and others, 1976a), antecedent deformation of the sum-
mit area may offer some premonitory clues. Finally,
the post-earthquake deformation of the summit area is
significantly different from any previously observed
pattern on Kilauea, and it offers insight into the man-
ner in which the volcano has responded to disruptive
effects of the earthquake. Accordingly, we briefly re-
view the record of summit deformation from late 1974
through September 1977, the time of the first post-
earthquake eruptive activity on Kilauea.

Interpretation of many geodetic measurements at
Kilauea, including both leveling and trilateration, is
complicated by the relative infrequency of reoccupation
and by high rates of episodic deformation. Accordingly,
continuously recorded deformation data are especially
valuable. At present, the only such data are from
tiltmeters; these tilt measurements, supplemented by
seismic observations, are utilized both to monitor short-
term fluctuations in behavior of the volcano and to
select times for reoccupation of the more extensive
geodetic networks.

Tilt data from the Uwekahuna station, on the north-
west side of the summit caldera (fig. 12), have proved
especially informative and illustrate the general be-
havior of the volecano in the 1974-77 period (fig. 16).
After a major deflation associated with the December

1974 eruption and intrusive event along the southwest
rift zone, the summit area entered a period of steady
inflation through much of 1975 that was terminated by
the November 29 earthquake and associated major de-
flation. This deflation “bottomed out” early in 1976, but
throughout 1976 and 1977 the volcano failed to maintain
any sustained summit inflation. Periods of slow inflation
during this interval were interrupted by significant
summit deflations in June 1976, July 1976, August-Sep-
tember 1976, and February 1977. Each of these events,
except the prolonged August-September deflation, was
accompanied by earthquake swarms along the east rift
zone, and each has been interpreted as marking intru-
sive activity along the east rift zone (Dzurisin and
others, 1980). Similar rift intrusions have also occurred
repeatedly in the past (Duffield and others, 1976; Swan-
son and others, 1976a, table 1). Finally, in September
1977, a major east rift eruption—the first eruption
since the 1975 earthquake—was accompanied by a simi-
lar but larger summit deflation.

The summit deformation of Kilauea can be
documented in more detail by combining information
from leveling and trilateration measurements with the
tilt data for key periods. Figure 17 shows horizontal
displacement vectors determined by graphical solution
of the Kilauea summit trilateration net and contours
of equal vertical displacements interpreted from re-
leveling in the summit area (fig. 94) and partly con-
strained by tilt vectors.

The period of September 1974 to January 1975 (fig.
17A) is dominated by effects of the December 31, 1974
eruption along the southwest rift zone and associated
intrusive events. Summit deflation of more than 0.6 m
occurred during and immediately after the eruption,
amounting to a total of about 120 microradians of east-
west tilt as recorded on the Uwekahuna tiltmeter? (fig.
16). Subsidence occurred at peak rates of more than
10 microradians/hour on December 31, and continued
at decreasing rates until January 5. This eruption was
also accompanied by significant horizontal changes.
Convergence of horizontal vectors toward the deflation
center defined by the contours of vertical change (fig.
17A) is a typical pattern for summit deflation events
associated with Kilauea rift eruptions, as has been
doecumented repeatedly for eruptions in the late 1960’s
(Fiske and Kinoshita, 1969; Jackson and others, 1975).
The inflation-deflation is typically eccentric to Kilauea’s
summit area, centered along or just outside the south-
east topographic margin of the caldera. In addition to

20ne microradian represents a tilt of 1 mm in 1 k.
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TILT, IN MICRORADIANS
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FIGURE 16.—East-west and north-south components of tilt, water-tube tiltmeter at the Uwekahuna vault on west rim of Kilauea caldera.

summit deformation, an intrusive event along the mid-
dle southwest rift zone was indicated by seismicity and
by large horizontal ground movements, as already dis-
cussed (fig. 13). The easterly displacements near Mauna
Ulu and the upper east rift zone (fig. 17A) are thought
to reflect dilation of the southwest rift zone in a more
easterly direction than that of the dominant southward
opening along the east rift zone. This difference in dis-
placement probably introduces a small component of
left-lateral displacement along the Koae fault system
and between the south flank and the more stable area
north of the east rift zone.
During the first 9 months of 1975, both the

Uwekahuna tiltmeter (fig. 16) and the leveling and
trilateration data (fig. 17B) show a typical pattern of

FiGURE 17 (following 4 pages).—Horizontal and vertical deformation
of the summit area of Kilauea from 1974 to 1977, as interpreted
from leveling, tilt, and trilateration measurements for successive
time intervals. Note the variable contour intervals for vertical dis-
placements; also the change in scale for horizontal displacement
vectors in diagram encompassing period of the 1975 earthquake
(17C). Vertical displacement contours are relative to assumed sta-
ble benchmark in town of Voleano; therefore, the zero contour has
quotation marks. Horizontal displacement vectors are relative to
standard “base stations” (Keakapulu, Strip, and Kulani, see fig.
11), which are assumed to be stable except for period encompassing
the earthquake (17C). Solutions for this period are based on control
from the Kilauea flank trilateration net (fig. 11). Hachures indicate
craters and faults.
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sustained summit inflation. The inflation contours de-
termined by leveling and tilt measurements focus near
the south margin of the caldera, and the horizontal dis-
placement vectors radiate outward from a nearly con-
focal center. Nothing seems anomalous about this de-
formation pattern, in comparison with other well
studied recent periods of inflation between eruptive
events at Kilauea (Kinoshita and others, 1969; Swanson
and others, 1976b, figs. 4, 5), and in the fall of 1975,
HVO scientists anticipated renewed eruptive activity
at Kilauea in the near future.

Instead, the magnitude-7.2 earthquake struck on
November 29, 1975, triggering the largest overall
ground deformation thus far recorded at Kilauea Vol-
cano. The summit area subsided more than 1.2 m (fig.
17C), as also indicated by the approximately 145 micro-
radians of eastward tilt at Uwekahuna (fig. 16). Unlike
the confocal deformation patterns of previous inflation-
deflation cycles, the horizontal and vertical components
of movement were spectacularly decoupled in the sum-
mit region, with horizontal displacements trending uni-
formly south-southeasterly toward the coastline and in-
creasing in amount seaward, independently of patterns
of subsidence in the summit region and upper rift
zones. This pattern of summit deformation thus pro-
vides a more detailed documentation for the similar
geometry of deformation already described for the en-

tire subaerial edifice of Kilauea. (Compare fig. 9C and
fig. 15.)

Post-earthquake deformation patterns for the Kilauea
summit area during three successive time intervals of
6-9 months each (figs. 17D-F") are relatively similar.
All show a component of continued seaward horizontal
displacement, independent of vertical changes, that
contrasts notably with the inflation-deflation sequences
(figs. 17A, B), normal for Kilauea prior to the 1975
earthquake.

The period January 1976 to September-October 1976
(fig. 17D) includes two small inferred intrusive events
along the east rift zone, as indicated by seismic swarms
associated with abrupt deflation at the summit in June
and July (fig. 16). A more prolonged episode of aseismic
deflation also occurred between mid-August and mid-
September; no locus of accumulation has been identified
for the magma that drained from the summit region
during this episode. This general time interval is char-
acterized by deformation patterns roughly similar to
those associated with the 1975 earthquake (fig. 17C),
but at greatly reduced magnitudes. Horizontal displace-
ment vectors show a coherent pattern of continued sea-
ward movement in a south-southeasterly direction, in-
dependent of continued deflation centered along the
south margin of the summit caldera. A significant
change, however, is the uplift along the Koae fault sys-
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tem and the unfaulted upper part of the south flank.
Uplift of this general area was a significant feature of
the regional deformation of Kilauea prior to the 1975
earthquake (Swanson and others, 1976a, p. 17-23), and
the uplift along the Koae fault system early in 1976
may have indicated the beginning of renewed stabiliza-
tion of the south flank (fig. 17D). The absence of con-
tinued uplift centered in this area for later post-earth-
quake time intervals (figs. 17E-F) suggests, however,
that the episode of uplift alternatively may have re-
flected some more ephemeral post-earthquake isostatic
readjustment.

The period of September-October 1976 to March 1977
shows a more complex pattern of relatively small-scale
deformation. This period includes another intrusive
event along the east rift zone, in February, as indicated
by a concentrated seismic swarm accompanying abrupt
summit deflation (fig. 16). Loci of such seismic swarms
commonly have coincided with areas of intrusion and
uplift along Kilauea rift zones (Duffield and others,
1976), but, in this case,the location of the seismic
swarm coincided with an area of net subsidence just
uprift of Maunu Ulu (fig. 17E). Horizontal extensions
of as much as 25 em in individual Geodimeter lines
across the area of the seismic swarm provide additional
evidence of an intrusive event; some of the subsidence
may be due to formation of an apical graben over the
intrusion, analogous to the troughs of subsidence along
both of Kilauea’s rift zones (fig. 9C). However, lack
of local uplift adjacent to the area of February 1977
subsidence, as well as detailed analysis of continuously
recorded tilt data, suggest that magma migrated dow-
nrift from this area during later stages of the intrusion
event (Dzurisin and others, 1980). Some magma proba-
bly accumulated 15-20 km farther east along the rift
zone, in an area where steaming cracks had developed,
where tilt measurements indicated sizeable inflation
early in 1977, and where the September 1977 eruption
subsequently broke out. In contrast to the subsidence
along the upper east rift zone, the overall change in
the summit area from September 1976 to March 1977
was weak inflation centered near the south margin of
the caldera. The pattern of horizontal displacements
was still dominated by seaward motion increasing to
the southeast, but deviations from this pattern oc-
curred locally near the deflation locus along the upper
east rift zone and in the north part of the caldera. Thus,
on its northern flank the weak inflation at the main
deformation center appears to have reduced and par-
tially reversed the still prevalent regional pattern of
seaward displacement. Elsewhere, this regional pattern
continued to dominate the orientation of horizontal
movements, although at reduced rates.

From March 1977 until August 1977—just before the
September eruption, the same general style of deforma-
tion prevailed, but the changes were smaller and slower
than previously. This 6-month period was geodetically

one of the most stable periods thus far observed at
Kilauea’s summit. Virtually no net tilt occurred at
Uwekahuna (fig. 16), and there was essentially no net
change of elevation on the caldera floor (fig. 17F). Mod-
est deflation was centered along the south side of the
caldera, which cancelled out much of the weak inflation
of the previous observation period (fig. 17E). A weak
pattern of seaward displacement still characterized the
horizontal deformation, but the changes were so small
that the vector solutions are uncertain for many sta-
tions.

The general pattern of summit deformation for nearly
2 years after the November 1975 earthquake can thus
be characterized by two significant features: a lack of
sustained inflation and the seaward displacement of the
south side of Kilauea at gradually decreasing rates.
This pattern appears to have represented continued de-
formation like that triggered by the earthquake, gradu-
ally evolving into greater structural stability. At no
time did the loci of horizontal and vertical deformation
share a common focus, as had been characteristic prior
to the earthquake (fig. 17B). If magma is generated
and accumulates at a steady rate of about 0.1 km®/yr
beneath Kilauea, as inferred by Swanson (1972), all of
it could not have been stored in the summit reservior
after the 1975 earthquake. Some magma may have
filled voids generated by the earthquake in the summit
region, but calculations based on microgravity measure-
ments (Jachens and Eaton, 1980; Dzurisin and others,
1980) suggest that any such voids would have been
largely filled within 6-8 months after the earthquake.
Subsequently, most of the newly generated magma ap-
pears to have moved into the east rift zone, instead
of accumulating at a summit magma reservoir. At-
tempts to evaluate volumetric relations between rift ex-
pansion and rates of magma supply at Kilauea are not
very satisfactory, because of limited geodetic informa-
tion along the heavily forested east rift zone, but on
the basis of seemingly plausible assumptions, the
magma supply of Kilauea for about 1 year may have
emptied into voids opened along the east rift zone by
the 1975 earthquake. This rift zone was the site of re-
peated intrusive events, and magma accumulated along
the middle part of the rift zone, where sizeable inflation
was documented by tilt and Geodimeter measurements
in the spring and summer of 1977.

A major eruption broke out along the middle east
rift zone of Kilauea on September 12, 1977 (Moore and
others, 1980), after a several-week period of gradually
increasing seismicity. A lack of any premonitory sum-
mit inflation makes this eruption different from any
other Kilauea eruption since detailed ground-deforma-
tion studies began. Major subsidence in the summit re-
gion (fig. 17G) associated with this eruption was rather
similar to subsidence associated with earlier Kilauea
rift eruptions such as in December 1974. (Compare fig.
17A with fig. 17G.) However, detailed examination of
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the horizontal deformation patterns for this period, Au-
gust to October 1977, suggests that a component of sea-
ward horizontal displacement was still present but
largely obscured by the contraction accompanying sub-
sidence. In particular, the southeasterly displacements
on the north and west sides of the caldera were larger
than complementary inward displacements on the south
and east sides (fig. 17G), which suggests that some of
the movement on the south and east sides was counter-
balanced by opposing seaward movement.

The summit area of Kilauea began to reinflate by
mid-October 1977, a pattern that continued until
November 1979, when a brief east-rift eruption oc-
curred. Trilateration measurements of the summit net
indicate continued seaward mobility of the south flank
as recently as fall 1980, largely independent of the ver-
tical changes, in a pattern similar to that documented
above for the entire period between the 1975 earth-
quake and the 1977 eruption. Clearly, the period of
post-earthquake stabilization has been prolonged.

DISCUSSION

Analysis of ground deformation data related to the
1975 earthquake has yielded several significant results:
(1) the large size of ground movements, (2) supporting
documentation for a gravitational slump or glide
hypothesis for the main structural features of Kilauea’s
south flank, (3) insights into the cause of the earth-
quake and associated surface deformation, (4) evidence
of the profound effect of the earthquake on the nature
of subsequent deformation in the Kilauea summit area,
and (5) implications for future seismic and volcanic haz-
ards on the Island of Hawaii.

SCALE OF MOVEMENTS

The scale of the extensional ground deformation re-
lated to the 1975 earthquake and associated normal
faults was as much as 3.5 m vertically and 8 m horizon-
tally on land, with a strong probability that even larger
downdip displacements occurred below sea level. These
are among the largest movements recorded in the
United States that can be related to a single seismic
event. By way of comparison with other major North
American earthquakes, the 1906 San Francisco earth-
quake of magnitude 8.3 was associated with lateral
movement of as much as 6.5 m along the San Andreas
fault (Richter, 1958, p. 476-486). As much as 4.5 m
of dominantly vertical movement occurred during the
7.1-magnitude Hebgen Lake earthquake in Montana in
1959 (Myers and Hamilton, 1964). Among 20th century
American earthquakes, only the 1964 Alaska earth-
quake of magnitude-8.4+ caused greater earth move-
ments than those observed in Hawaii in 1975, as much

as 14 m vertically and 19.5 m horizontally (Plafker,
1969).

An important aspect of the deformation pattern re-
lated to the 1975 Kilauea earthquake is the distinct spa-
tial separation between the epicenter, which marks in-
itiation of the earthquake, and the region of maximum
ground deformation, centered nearly 30 km farther
west along the south coast. Strong-motion seismograms
of the earthquake document at least 5 maxima of ener-
gy release over an interval of 65 seconds (Rojahn and
Morrill, 1977, fig. 3A), and together with asymmetry
of the deformation maxima, strongly indicate that the
initial earthquake triggered a sequence of dislocations
that migrated westward along the Hilina fault system.

GRAVITATIONAL SLUMP HYPOTHESIS

The generally large ratios of horizontal to vertical
displacement associated with the 1975 Kilauea earth-
quake strongly support a gravitational slump or block-
glide interpretation, both for the deformation as-
sociated with this earthquake and also for the long-term
tectonic evolution of the south flank of Kilauea. The
hypothesis that the block-faulted terrain on the south
flank may be due to “landsliding on a huge scale” goes
back many years (Stearns and Macdonald, 1946, p. 130)
and has more recently been argued persuasively (Moore
and Krivoy, 1964; Fiske and Jackson, 1972). A recent
comprehensive model for structural evolution of the
south flank (Swanson and others, 1976a), based on 20th
century seismic and ground-deformation studies, re-
lates seaward displacement of the unbuttressed south
flank of Kilauea to the result of forceful injection of
magma into the rift zones. By this interpretation,
gravitational instability of the south flank, which re-
sults from uplift and seaward displacement along the
rift zones, is expected to be relieved intermittently by
normal faulting and slumping along the Hilina fault sys-
tem. Contractional strains were shown to have been
accumulating within the south flank during the 20th
century, destabilizing the Hilina fault system, and a
possible subsidence event was anticipated “in the not
too distant future” by Swanson, Duffield, and Fiske
(1976a, p. 35). The 1975 earthquake occurred while
their report was in press.

The patterns of ground breakage along the central
Hilina fault system (fig. 3) and the leveling contours,
showing maximum gradients of subsidence in the same
area (figs. 9C, 15), offer convincing evidence that much
of the earthquake-related deformation involved sea-
ward gravitational slumping or block gliding. In detail,
however, the geometry of displacement is more com-
plex. The entire subaerial surface of Kilauea moved
seaward, and the patterns of vertical deformation (fig.

































REFERENCES CITED

Kinoshita, W. T., Koyanagi, R. Y., Wright, T. L., and Fiske, R.
S., 1969, Kilauea Volcano—The 1967-68 summit eruption: Seci-
ence, v. 166, no. 3904, p. 459468.

Kinoshita, W. T., Swanson, D. A., and Jackson, D. B., 1974, The
measurement of crustal deformation related to volecanic activity
at Kilauea Volcano, Hawaii, in L. Civetta, P. Gasparini, G.
Luongo, and A. Rapolla, eds., Physical volcanology: Elsevier,
Amsterdam, p. 87-115.

Koyanagi, R. Y., Stevenson, P., Endo, E. T., and Okamura, A. T.,
1978, Hawaiian Volcano Observatory Summary 74: January to
December 1974: U.S. Geological Survey, 164 p.

Koyanagi, R. Y., Swanson, D. A., and Endo, E. T., 1972, Distribu-
tion of earthquakes related to mobility of the south flank of
Kilauea volcano, Hawaii, in Geological Survey Research 1972:
U.S. Geological Survey Professional Paper 800-D, p. D89-D97.

Lipman, P. W., 1980, Rates of volcanic activity along the southwest
rift zone of Mauna Loa Volcano, Hawaii: Builetin Volcanologique,
v. 43, p. 705-725.

Lipman, P. W., Okamura, R. T., and Yamashita, K. M., 1978,
Changed deformation mode of Kilauea volecano since the 1975
M=7.2 earthquake [abs.]: Geological Society of America,
Abstracts with Programs, v. 10, p. 113.

Lockwood, J. P., Koyanagi, R. Y., Tilling, R. I., Holecomb, R. T.,
and Peterson, D. W., 1976, Mauna Loa threatening: Geotimes,
v. 21, p. 12-15.

Lockwood, J. P., Peterson, D. W., and Tilling, R. 1., 197§,
Chronological summary: Hawaiian Voleano Observatory Sum-
mary 74, U.S. Geological Survey, p. 2-6.

MacDonald, G. A., and Eaton, J. P., 1964, Hawaiian volcanos during
1955: U.S. Geological Survey Bulletin 1171, 170 p.

Moore, J. G., 1964, Giant submarine landslides on the Hawaiian
Ridge: U.S. Geological Survey Professional Paper 501-D, p.
D95-D98.

1971, Relationship between subsidence and volcanic load,
Hawaii: Bulletin Voleanologique, v. 34, p. 562-576.

Moore, J. G., and Fisk, R. S., 1969, Volcanic substructure inferred
from dredge samples and ocean-bottom photographs, Hawaii:
Bulletin Geological Society of America, v. 80, p. 1191-1202.

Moore, J. G., and Krivoy, H. L., 1964, The 1962 flank eruption of
Kilauea Volcano and structure of the east rift zone: Journal of
Geophysical Research, v. 69, p. 2033-2045.

Moore, J. G., and Peck, D. L., 1965, Bathymetric, topographic, and
structural map of the south-central flank of Kilauea Voleano,
Hawaii: U.S. Geological Survey Miscellaneous Geologic Investi-
gations Map I-456.

Moore, R. B., Helz, R. T., Dzurisin, D., Eaton, G. P., Koyanagi,
R. Y., Lipman, P. W., Lockwood, J. P., and Puniwai, G. S.,
1980, The September 1977 eruption of Kilauea volcano, Hawaii:
Journal of Volcanology and Geothermal Research, v. 7, p 189
210.

Myers, W. B., and Hamilton, W., 1964, Deformation accompanying
the Hebgen Lake earthquake of August 17, 1959 in The Hebgen
Lake, Montana, earthquake of August 17, 1959: U.S. Geological
Survey Professional Paper 435, p. 55-98.

Nakamura, Kazu, 1980, Why do long rift zones develop in Hawaiian
voleanoes—A possible role of thick oceanic sediments: Bulletin
Voleanological Society of Japan, v. 25, p. 255-269.

45

Normark, W. R., Lipman, P. W., and Moore, J. G., 1979, Regional
slump structures on the west flank of Mauna Loa Volcano,
Hawaii [abs.]: Abstract volume, Hawaii symposium on intraplate
voleanism and submarine voleanism, Hilo, Hawaii, p. 172,

Okamura, R. T., and Swanson, D. A., 1975, January-March 1971
leveling at Kilauea and tabulated comparisons with previous
data: Hawaiian Voleano Observatory Summary 61, p. 7-42.

Plafker, George, 1969, Tectonics of the March 27, 1964, Alaska
earthquake: U.S. Geological Survey Professional Paper 543-I,
4 p.

Price, R. A., 1981, The Cordilleran foreland thrust and fold belt in
the southern Canadian Rocky Mountains, in Thrust and Nappe
Tectonics: The Geological Society of London, p. 427-448.

Price, R. A., and Montjoy, E. W., 1970, Geologic structure of the
Canadian Rocky Mountains between Bow and Athabasca riv-
ers—a progress report, in J. 0. Wheeler, ed., Structure of the
southern Canadian Cordillera: Geological Association of Canada
Special Paper 6, p. 7-25.

Proffet, J. M., Jr., 1977, Cenozoic geology of the Yerington district,
Nevada, and implications for the nature and origin of Basin and
Range faulting: Geological Society of America Bulletin, v. 88,
p. 247-266.

Richter, C. F., 1958, Elementary seismology: San Francisco, Calif.,
W. H. Freeman and Co., 768 p.

Rojahn, Christopher, and Morrill, B. J., 1977, The island of Hawaii
earthquakes of November 29, 1975—strong-motion data and
damage reconnaissance report: Seismological Society of America
Bulletin, v. 67, p. 493-515.

Stearns, H. T., and Macdonald, G. A., 1946, Geology and groundwa-
ter resources of the Island of Hawaii: Hawaii Division of Hydro-
graphy Bulletin 9, 363 p.

Swanson, D. A., 1972, Magma supply rate at Kilauea Volcano, 1952
1971: Science, v. 175, p. 169-170.

Swanson, D. A., Duffield, W. A., and Fiske, R. S., 1976a, Displace-
ment of the south flank of Kilauea volcano: the result of foreeful
intrusion of magma into the rift zones: U.S. Geological Survey
Professional Paper 963, 39 p.

Swanson, D. A., Jackson, D. B., Koyanagi, R. Y., and Wright, T.
L., 1976b, The February 1969 east rift eruption of Kilauea Vol-
cano, Hawaii: U.S. Geological Survey Professional Paper 891,
30 p.

Swanson, D. A., and Okamura, R. T., 1975, Trilateration network
on Kilauea, Fall 1970: Hawaiian Voleano Observatory; Summary
60, p. 3-12.

Tilling, R. I., Koyanagi, R. Y., Lipman, P. W., Lockwood, J. P.,
Moore, J. G., and Swanson, D. A., 1976, Earthquake and re-
lated catastrophic events, island of Hawaii, November 29, 1975:
a preliminary report: U.S. Geological Survey Circular 740, 33
p.

United States Navel Oceanographic Office, 1973, Bathymetric atlas
of the North Pacifiec Ocean, Map Sheet 1064N.

Wood, H. 0., 1914, On the earthquakes of 1868 in Hawaii: Bulletin
of the Seismological Society of America, v. 4, p. 169-203.

Wyss, M., Klein, F. W., and Johnston, A. C., 1981, Precursors to
the Kalapana M=7.2 earthquake: Journal of Geophysical Re-
search, v. 86, p. 3881-3900.

Zucea, J. J., and Hill, D. P., 1979, Velocity structure of the south
flank of Kilauea from a profile of marine shots [abs.]: Abstract
volume, Hawaii symposium on intraplate volcanism and marine
voleanism, Hilo, Hawaii, p. 178.



